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tangential and axial momentum as well as mass. When the terms fully—

mixed or mixed—out are used there might be some confusion about the

mixing process , but it is certain that the basic concept underlying

the methods of Refs. 50—59 is the same .

The dependent performance variables determined from any selected

averaging method are the cascade exit flow velocity, total pressure

and static pressure . Each of these average values depends on the loca—

tion of the exi t ref erence plane , but for design /anal ysis purposes the

location of the prediction station of most significance is at the line

connecting the cascade blade section trailing edges. The usual perfor—

mance parameters computed from the average values and used for prediction

are the deviation angle , defined as the angle between the average flow

direction at the trailing edge location and the camber line direction

at th e trailing edge, and a total—pressure loss coefficient , defined

as

P -2 ,__id~~ 1~~_~ 2 - - - (3)
P
1 p1

The deviation 6 is shown for the linear cascade case in Figure 6

and f o r  ti-IL annular cascade is referenced to the camber l ine direction

ott the ax i s y nim e t r i c  s t r eam  sur f~t co a p p r o x im a t i o n . For the l inear

cascade and fo r  n o n — r o t a t i n g  a n n u l a r  r a s r i l e s

2 , ideal I 
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but for the rotating annular cascade the definition uses total pressures

measured relative to the rotating blade row so that

— 
— 

2, ideal rel 2 ret
— 

- 
(4 )

l,rel 1

with (Ref. 60)

ideal rel ~l , rel
tl 

+ _ ~~~~
[
~ -~)]~

U2
2

o,l

Some alternative and additional cascade dependent variables for

describing the cascade exit flow direction have been used or proposed.

The grea te r  par t  of the sys temat ic  l i n e a r  cascade  d a t a  w~is or i g i n a l l y

co r re l a t ed  in te rms  of f l ow t u r n i n g  angle  ( f o r  e s a r i p i L s , see Ap p e n d i c e s

B and C), and various parametc~ s including the cascade bladc - section

c i r c ul at i o n

= 

2ir ( r
1 ~~~~~~~~~~~~~~~~~

N ( C t

have been suggested f o r  c o r r e l a t i o n  of t u r n i n g .

in subsequent sections of this ri-port , t i -  q u an t i t a t i v e  - I1a r 1~ t en s—

t i c s  of b l ade  sect ion  p r o f H e  boundary  l ay e r s  w i l l  be con s ider e d as rh o ’:

ret i t t -  to bot 1~ f l ow i i ig l e and t o t - i ]  — p r e s s u r e  loss c o r r e l a t i o n . The



*primary parameters  of in teres t  include the displacement (6 ) and momen—

*turn (0 ) thicknesses of the blade suction and pressure surface boundary

layers , and the form factor relating these thicknesses. The thicknesses

ar e f ully defined in Refs. 55, 52 and 53. Ref. 52 and 61 show that for

incompressible , two—d imensional cascade flow the boundary layer para—

meters are related to the total pressure loss coefficient by the

equation

2 (f~ cos
~ 2 ~~~~~~ 

2 

[ 

- ( *) 
~~~~~2]

(3H2~~1) 
~~~

with H
2 

=

2

On the basis of the assumption that the terms including H 2 vary in

only a limited range near 1.0 for typical cascade operation , the

equation

2
* cos~

w 2 (
~ )2 co

2 ~~ 
) (8)

has been used to relate a loss parameter to the blade trailing edge

to ta l  boundary l ayer momentum thickness

~ cos~ cos~ 
2 

*
___P________ _~~ 1_-__± I I _ ~~ — 1 (9)

2o 
\
cos~ 1 / \c 

2

and further simplifying if (cos ~2/cos ~t 1)
2 
is nearly 1.0

ii 3
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u cos~ . /
p 2 =~~

_O
~~ (10)2a ~~cj
2

The left—side terms in Equations (9) and (10) have both been used

to correlate total—pressure loss measurements with the w unders tood  to

be the loss coefficient excluding cascade shock wave losses and of

course mixing losses which occur in the exit region downstream from the

cascade trailing edge. This portion of has been described as a

profile loss. Further discussion relating to this matter may be found

in Refs .  17— 25 , 44 and 48.

For this report the components of the total 
2 

due to the

suc tion surface and pressure surf ace boundary layers are def ined as

*
(0 \
\ C )  2,ss

and

1 *

(ci
C 2,ps

* - *The boundary layer thicknesses 6 mu 0 are those measured i i

d i r e c t i o n  p e r p e n d i cu lar  to  the  blade s ec t ion  averag outlet fJ 0i.~ i t

the trailing edge .

The importance of the boundary layer parameters and their rel a t I i

ship to the trailing edge profil e loss lies in the possibilit y of

connecting the same boundary layer parameters to the d e vi t t ion ang le or

o d S e  ade turning ang le .
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In addition to the profile losses encountered in cascade flows ,

which account for compressibility effects on the character of blade sur-

face boundary layers , current design/analysis systems recognize two

other sources of irreversibility (relative total pressure loss , entropy

increase) in the blade—to—blade flow field . The first of these is the

irreversibility or loss due to shock waves when relative entrance

velocity is supersonic or when local supersonic velocities occur in the

blad e—to—blade passage . The second source of loss is the secondary loss

which may be observed in a cascade section due to flows which are not

modeled by the equations used to compute the flow field. Discussion of

the details of both of these subjects is beyond the scope of this report.

The presence of shock waves in the flow field and the effects of

secondary flows do influence deviation/turning angle in compressor blade

cascade arrangements. However , in this report this influence is consid-

ered to be principally one involving the effects of shock waves and

secondary flows on the growth of blade surface boundary layers. To

illustrate , the  e f f e c t  of a b l a d e — t o — b l a d e  shock wave on ~t e  cha r a c t e r -

istics of the boundary layer on a blade surface dowast roar - of t o- t a t  t r -

action region has a direct in flit e a c t- on d r -vi at I t r , / t i i n i i i ~:. h ( i,~~~ i t :~

e f f e c t  on deviat i o n / t u r n i n g  of the shock ctossitt ~ t in- ira n at t t I f l  i n

the  chlau t I is not large except as it a f f e c t s  the  p r e s sure  d i r t r i h t t o r

imposed on the b o u n d a r y  t a y e r  downst ream f r o m  tile O1l ~~ k . l kvi at ion

n n o l t -  ,..z i u - l  1 nc nr r ~ F1 I n  l nc c  n rc  .c ’cn rn l t f l  b ,IOfl~~~f l A C~ T 1 I  ~~~r~~~nI t n t  1~
~~

‘.0 r - — - - — — —  — — •  .~~ ~~~ - —

on th e nature of the boundary layers on blade suction and pressure

surf n i - S .

~ 

- —-- ~~~— - -~~~~~~~~~~~~- - - - - - — -  - - - ~~~~~~



- -~~~. -~~~~ -—------— - ---~~~~~~-----~~~~~,-- -

5. CASCADE DIFFUSION PARAMETERS

In subsequent sections cascade diffusion loading ‘- l i t  be discussed

as it relates to the numerical values of deviation/turning angles.

Various parameters have been suggested as measures of diffusion for

linear and annular cascade geometries (Ref. 60), but two have shown a

high correlation with experience in terms of profile loss estimation .

These are the parameters D (Ref. 60) and Deq (Ref. 61), initiall y

derived for two—dimensional linear cascade loss correlation , but later

substantially extended and correlated to profile loss in the annular

cascades of compressor blade rows. The equations in current use for

definition of D and D
e for annular cascade cases are

D = I — 

r2V0 2  —r 1
V
0 1  + rotor (11)

1 Cr + r ) o W

and 

1 2 1 — s tator

V cos~~. r cos
2
~

D = ~~~~~~~~~~~~~~~~~~~~~~ 11.12 + 0.61 K (12)
eq Vm 2 cos

~ l L
with

r
2 

V (1r
1 / r~ 2

K ta n h  — — —- - - ‘- -  tan c — I I -I r 2 V r 2I m ,I m 1 \ I

The equ1ti ons ar.ii t! p~~rimet~trs a t - c t  dove 1 oro d o O t - s i t l o

diffusion loading at incidence angles nt-ar tic-  minimum loss v alor - b r  -a

give-n L Iscfld (- geometry. 
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SECTION IV

SELECTION OF BASIS FOR FLUID TURNING ANGLE PREDICTION

1. BLADE—TO-BLADE STREAM TUBE APPROXIMATION

For compressor design purposes the locally inviscid , steady relative

flow model and the concep t of str eam surfaces and stre am tubes in the

compressor flow path will continue to be used. There is also justifi—

cation for approximation of blade—to—blade stream surfaces and stream

tubes by axisymmetric surfaces and volumes of revolution. Schematic

stream tube intersections with a meridional plane are shown in Figure

3a. Tile axisymmetric approximation means that while the radius r and

the thickness dr may change in the x direc tion , r and dr do not change

with 0 at a fixed x value. This suggests that a sing le surf ace may be

used for hub—to—tip flow field solution and that assigned and computed

values of velocity components and fluid properties at any point on this

surface must represent a satisfactory circumferential—average for the

given x , r coordinates. For the compressor case , flow in ach axisym--

metric stream tube should be assumed adiabatic but not isentropic .

To support the choice of the axisymmetric and adiabatic stream

tube approximat ion , an’~ to justify continuation at  this assumption in

h~ future , both  computat iona l  and ex p e r i m en t a l  reasons l i l y be given.

It  has a l r e a d y been noted tha t  i tierat i y t - ~ and  St  r a n

solut ions  are d i f f i c u l t  in a computa t iona l sense . [von in cases where

totall y inviscid flow has been assumed from the- beg inning ( f o r  e xamp le ,

Ri - f .  u 2)  , corputation t ime is subst  t i i t i a l  f o r  any numerical sollit ion

of the full flow field.

17 
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From an experimental v i r - u p r i a r , almost all compressor blade row

performance has been measured and reported so as to support the - r~.i S~

m et r i c  stream tube concept. Circumferential surveys have h- - en made in

exper iments  on ax i a l—f low compressor st a g e s , cs p e c i i l l v  do~ i i st  i o a m  f r om

s t a t i o n a r y  blade rows , bu t  in almost  all cases these d a t a  have b e t - n

reported on a circumferential—average basis. Although iil5trument ltion

and procedures for acquiring a detailed quantitative pictur e of the f] -:a~

through both rotating and stationary blade rows is now in use in

research programs (Refs. 63 and 64), data must be taken and analr’-ztd

for a number of representative blade rows in order to give  sufficient

support to attempts to compute compressor flows on a n o n - ax i s vmm et r i c

basis.

2 .  EFFECTIVE BLADE SECTION PROFILE AND i ~\ SCAfl FI GEONI i j~~

Three poss ib ili t i es  for definition of effer tive cas sit e geometry

were outlined in Sect ion I I I .  Each method is s u p p o r t e d  b y -~ r a t  i o n ~~i

teclin~ ca! argument and each has br-~ i used within the f ramework of an

ovt - rall -design system to fi~. t o  g t — e m t - t r i c  c1i~~i~~cte- r i s i~ of i. ~~~-r ‘ru

st ator b Lade rows fo r  res ai cli and deve Lt-gmt nt comprc ssors and t rne

F u r t h e r m o r e , these  blade ows ([or - x i . p ie  i~et . 17 and 18) h a —  i n v o l  cod

st ream s u r f a c e  shapes such t I t ;  ¶ c i a  1 cc 01 r i  I t i v t  g e - - ct  ri  i ~ Si c - - f --

c in t. however , there h i s Ut  -~~~~ i i  i - l i : - i c-d c - x p t - r i r c  n t o h  O \ - l t ’ i c t  t~O

show die s u p e r i o r i ty  of w it . ~C

The u s t i f i t -at ion L - t  i j  f l W~~ 5o c a s t  id e  p r o j  c t l o i i  i s  Iar t ;r-ly U t s t

o i n v i s c i d  f low n ot  ly s i s  is ~pp l i  d to t i c  ieory of swept -ii r I  oi is -

But , in the  r r- g i n s  of i cssor  b J wI~- rows iThr re - 1~~~c ide p l a n t -

- 
- -



pro jec t ion  has the greatest  inf luence  on e f f e c t i v e  chord length ,

solidi ty and section profile , the real flow is affected heavily by

fluid shear stresses. It seems realistic to expect that these stresses

depend on the actual flow path geomet ry followed by the axisymmetric

stream surface approximations . Therefore in the following sections of

this report it is recommended that the cascade element of the overa l l

- - flow model be based on an effective cascade geometry using dimensions

measured on the axisymmetric stream surface approximations. This is

consistent with the methods used in Refs. 24 and 45—47. It is suspected

(without verification) that when correctly app lied there is little

difference between stream surface intersection geometry (Refs. 45—47)

and conical surface intersection geometry (Refs.48 ,65) as far as cascade

performance estimation is concerned . The recommended sym bols and

notation reflect this decision .

It was decided that to maintain some continuity with past develop-

ment , the blade section profile variables recommended for future

correlation should be s imi lar  to those used in existing turning angle

prediction equations. However , to incorporate the more advaitct d sta tion

profiles such a~ those using arbitrary camber I I l i e S , some l t I i n i  t ion

must  be ex tended  or m o d i f i e d .  The p r i n c i p a l  p ar am e t e r s  recomnw ridi-d ire

shown for a I ilt ear cascade a r r a n g e m e n t  in Fi gures  5 and 6. As o r r e l  at ion

v ar i a b l e s  t hey  ar e  L i s t e d  on F igure  8.

Se c t ion  p r o f i l e s  designed for  I I S ~ St  hi g h e n t ra n c e  M.icli n u m b e r  l evels

may have l ead i n g  segments  wi th  zero  or negative camber (e.g. Ref. 46—4~ )

U 
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RELATED
CORRELA 1 11N

SYMBOL VARIABLE VAR IABL I

INLET CAMBER LINE ANGL E 1 
—-

EXIT CAMBE R LINE ANGLE 0. ,

LER LEADING EDGE i-:Ah1I JS LEP/c
t M A X I M U M  T HIC KN ESS tic
TER TRAILING EDGE RADIUS T [ P/ c
d LOCATION OF MAXIMUM THICKNESS d/ 1

(MEASURE D ALONG 1)
c CHORD c

C AXJ .A L LY- PRO J ECI~ D CHOR D c -x x
e INFLE (.TION POINI e/c

INFI FCT ION POINT (TA ~I~fR l.INE !~N i~ I
S

Figure 8. Recommended Cascade B lidt- Seer l~in r t i  rr-la t i~in V i r j an1t -~~.
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incidence ang le predicted to give maximum lift/drag ratio

for given cascade geometry , degrees

blade section camber line angle at leading edge , measured

f rom axial direct ion , degrees

blade section camber line angle at trai l ing edg e , measured

from axial direc tion , degrees

average f luid angle at cascade inlet , measured from axial

direc tion , degrees

average fluid angle at cascade exit , measured from axial

direc tion , degrees

c fluid turning angle , degrees

V1 fluid velocity at cascade inlet

V2 f lu id  velocity at cascade exi t

Base Air fo i l  Section Prof i les

C. l  ( R e f .  71)

C.2 (Ref. 71)

C.4 (R ef .  82)

Base Camber Line Shapes

Circular—arc (R ef. 71)

Pa rabolic , ~ = 0.40 only (Ref. 71)

Base Cascade Geometry Limits

a 0.50 c i r cu la r—arc  camber line
c 0.40 paraboli c camb er l ine
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d 0.33 C.1 sect ion
— 0.30 C.2 sect ion
C 0.30 C.4 sect ion

• -
~~ Ref. 75 based on analysis and data for t/c = 10%

0.08t C.l section
LER / 0.l2t C.2 section

0.12t C.4 section

O.02t C.l sect ion
TER 0.02t C.2 section

0.06 t C.4 section

m defined for C from 0 to 60 deg

R e f .  75 based on data fo r  from 0.5 to 1.5
C C

0 Applicable camb -~r limit U a sec t ion loading

Bas e Aerod ynamic Variable Range

~~ 
analysis—incompressible  flow

results used in Ref. 75 all were for low—speed plane cascade

flow

Re r esu l t s  used in R e f .  75 r e f e r  to e f f e c t i v e  Re of about

4 x 10~ based on chord and exit velocity

12 12 1.0 , two—dimensional flow assumed in anal ysis and

exper iments

Turbulence data not available
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Design/Analysis Application Examples

A. Modified Base Equation and Incidence

The NGTE rule has been used to predict deviation angle for  a

range of incidence levels when Cascade diffusion loading is low.

This is done on the assumption that deviation variation with incidence

is not large when profi le  losses are low .

Various investigators including Ref s. 20 , 69 have given equations

for  m based on Fig. A—3 .

App lication of the NGTE rule to design has frequently included a

capabili ty to add an arbi trary angle correction (for examp le , Refs. 17 ,

48) .

Ref. 18 app lied a modified equa t ion to design

(e — i) m i—
6 =  ~

1 - r n  I —
C -

~~C

with

m = 0.92 (~ + 0.002 cz
C \ C /  2

B, Extended Blade Section and Cascade Geometry Limits

Airfoil Section Profiles and Camber Line Shapes

The NGTE rule has been used for NACA 65—series profiles on circular--

arc camber lines (Ref. 69) and for double—circular arc and multipl 1--

circular—arc (DC A and MCA) profiles (Refs. 16, 17 , 18, 22). It has

been applied to a polynomial camber line with a polynomial thickness

d i s t r i b u t i o n  ( R e f .  115).

68
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Re f .  48 includes an NGTE rule option for the sect ions defined in

that report.

Cascade Geometry Limits

— Equations or Curves for pred iction of devia tion for a/C

values less than 0.4 and greater than 0.5 are given in

Refs .  17 , 18, 22 , 48 and 115.

C — m values extrapolated by equation to C> 60 deg

Blade—To—Blade Surface Radius Change

The NGTE rule has been used for radius change and 12~ 1.0 cases by

• substituting an equivalent circulation turning angle into an equation

of the form (recommended notation)

6 = ~
l 

- - 

~2e

This approach is used in Ref s. 17 , 22 , 48 and 69. See Appendix

E.

C. Extended Aerod ynamic Variable Range

M
1 

— rule used without M1 
correction for supersonic en t rance

flows in Refs .  16 , 17 , 18, 22 , 115.

Re — correction suggested in Refs .  70 , 71 , 72.

il - see the method under radius change above and in Appendix E.

This approach ~.sed in Refs. 17, 22 , 48 and 69.
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Figure A—2. NGTE Cascade Terminology (Refs. 71 and 75).
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0.40 —

CI RCUL AR ARC CAMBER LINE
0.30

E

0.20 —

PARABO LIC CAMBER LINE ,
a/c = 0.40

0. 10 —

I I 1 1 1
0 10 20 30 40 50 60

BLADE SECTI ON STAGGER ANGLE DEG

Figure A— 3. Coef f i c i en t  m for  NGTE Deviation Ang le Correlat ion [ R ef .  7 5 ] .
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APPENDIX B

NACA/NASA DEVIATION ANGLE CORRELATION 1

Base Equa tion

6ref = 6 + 
O~~• 1 

cp see Figures B—5, B—6, B—7 and Ref. 67

with

6 (K
6

) (K
6
) (6 ) see Figures B—3 , B—4

sh t 
0 10

at

= iref (Ref. 67)

6ref cascade exit average deviation angle measured from tangent

to blade trailing edge camber line diT~ ction for cambered

cascade , degrees

IS
o devia t ion angle measured from camber (chord) line for zero

camber cascade with same fluid inlet angle and solidity as

the cambered cascade , degrees

(6 0
)
10 value of 6o for cascade with NACA 65—series blade section

ai r foi l  prof i le  and maximum section thickness 10% of

chord length , degrees

1
Symbols and notation defined in Appendix B correspond to original
publication of correlation . See also Figures B—l and B—2 .
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(K IS)h 
dimensionless correction factor to (IS

O
)lO for effects of

blade section profile not NACA 65—series

(K
6
)
~ 

dimensionless correction factor to (6
o
)
~ o 

fo r e f fec ts of

blade section maximum thickness not 10% of chord length

cp blade section camber angle , with equivalent circular arc

camber angle used for NACA A10 camber line shape , degr ees

cascade solidity, ratio of blade section chord length to

blade— to—blade spacing or pitch

rate of change of deviation angle wi th camber ang le fo r

cascade with solidity of 1.0

• 
b correction exponent accounting for variable influence

of solidity on 6-ç slope associated with different fluid

inlet angles

s blade spacing , tangential distance between equivalent

points on adjacent blade sections

c chord length , length of straight line connecting points

where camber line intersects leading and trailing edges

i inc idence angle , angle between cascade inlet average tlow

angle and line tangent to blade section camber l ine iit

lead ing ed ge , degrees

1ref reference minimum—loss incidence angle , degrees (Ref. 67)

H. blade sec tion camber line ang le a t lead ing edge, measured

from axial dire ct ion, degrees

K

2 
blade section camber line angle at trailing edge , measured

from axial direction , degre es



• -~~ -~~~~ -——-- -—
-,—-- ‘-•

average fluid angle at cascade inlet, measured f rom axial

direc tion , degrees

average fluid angle at cascade exit , measured from axial

direction, degrees

fluid turning angle, degrees

V
1 

fluid velocity at cascade inlet

V
2 

fluid velocity at cascade exit

Base Airfoil  Section Profiles

NACA 65—010 blower blade section (on NACA A10 camber line only)

C—series airfoil section th~~’kness distributions (on circular—arc

camber line only)

Double circular arc airfoil sections

Base Camber Line Shapes

NACA A10 (a = 1.0)

Circular  Arc

Base Cascade Geome try Limits

a 0.50 NACA A10
c 0.50 circular arc

d 
0.30—0.33 C—series

— 0.40 65—010 blower blade section
C 

0.50 double circular arc

— 
-
~~

- { (K
6
)t given in range 0 to 0.12 



- - - -

J 0.0067c 65—010 blower blade
10.08 to O.l2t C—series

TER 0.OOl5c 65—010 blower blade
0.02 to 0.06t C—series

• (~~ is correlat ion ang le)

( 5~~)~~~ given in range 0 = 0.4 to 2.0

cp Applicable camber limited by section loading to D< 0.62

with 60 deg imp lied by 0 <C 1 < 2 .4  in Fig. B— 5

Base Aerodynamic Variable Range

M
1 

very small effect of on deviation at 1 ref was predicted

up to limiting M1, where rap id inc rease in loss occur s

5
Re above 2.5 x 10 based on chord length and cascade inlet

velocity

12 da ta correla ted f or 12~~ l.0 only

Turbulence data not available

Design/Analys is App lication Examples

A. Modified Base Equation and Incidence

The NACA /NASA rule has been used for 1 
~ 

1re f with the equation

(Ref. 67)

Id 6
= 6 + (i — i ) 

~~~ref ref idi
\ ref

V a l u e s  of K
1 
have been used in 1-’i gs. B—3 and B—? to rep lace 

~~

(Ref. 24)

-
I (1 
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Application of the NACA/NASA rule to design has f req uently included

a capability to add an a rb i t rary  angle correction . Examples are in

Refs .  23 , 24 and 48.

B. Extended Blade Section and Cascade Geometry Limits

Airfoil Section Profiles and Camber Line Shapes

The NACA/NASA rule has been applied to exponential , polynomial

and arbitrary camber line shapes with polynomial thickness distribution

(Refs. 24, 45 , 46 , 47)

Cascade Geome try Limits

-~~~ 
— equation is given for deviation with as a variable in

Ref. 24

a — Ref. 68 suggests caution in application when a is low

and 8i
> 60 deg

Blade—To—Blade Surface Radius Change

Equivalent circulation turning angle (see Appendix E) is used in

NACA/NASA deviation option in Ref. 48.

Ref. 21 suggests a solidity and thickness/chord ratio correction

for  average blade—to—blade stream surface slope in meridional projection.

C. Extended Aerodynamic Variable Range

M 1 
— correc t ion  suggested for  above critical value in Re fs .

21 , 23.

- R e f .  68 suggests caution in application when > 60 deg

— -•i~~~ t I .4 lius change above

- Ref . ~7 suggests procedure for  de termining  incidence correct ion

77
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Fi gure B— 4. Maximum— Thickness Correction for Zero—Camber Reference
Minimum— Loss Deviation Angle.
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APPENDIX C

USSR FLUID TURNING AN GLE CORRELATION 1

Base Equa tion

= o.4][(:%)~ = l0%][ 
B]

K = (5 - 2db) ~~~
2 - 1000 + 100 (5.5 - 2.6 t /b)

B = 8 I~-)  
— 17 ~~~

- + 16

(i~€c1 )—o x
C 

= 1 — 0 . 2 8  

~~c 
— 0.40) for = 0.3 to 1.0

o x  = 0.4
c

and

(&C ) —o c = 1 — 0.016 (10 — c) for c = 1.25 to 12.5%
= 10%

At Base Incidence

—i 
Fr

I cz ’ — sin —

0 1 t

1Symbols and notation in Appendix C correspond to orig inal publication .
See also Figures C—I and C—2 .
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fluid turning angle for cascade operation at base incidence

i and low M
0 1

v blade section stagger angle , angle be tween chord line and

tangential direction , degrees

c blade section camber angle , angle between lines tangent

to section camber line at leading and trail ing ed ges ,

degrees

t blade spacing, tangential distance between equivalent

points on adjacent blade section

b chord length , length of straight line connecting points

where camber line intersec ts lead ing and tra iling edges

i angle of incidence, angl e be tween cascade inlet average

f low angle and line tangent to blade section camber line

at leading edge, degrees

1
0 

optimum incidence angle , degrees

a1 
blade section camber line angle at leading edg e, measured

from tangential direction , degr ees —

blad e section camber line angle at trailing edge , measured

from tangential direction , degre es

a1 
average fluid angle at cascade inlet , measured fiom tin—

gential direction , degre es

a2 
average fluid angle at cascade exit , meas ured f r o m ax ia l

d irection , degr ees

6 devIation ang1&~, ang le be tween cascade exit average f l u id

angle and line tangent to blade section camber line at

tra iling edge , degre~-s 

— — — ~~~~ -- -~~~~ — — - -- - - -
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I

V
1 

fluid velocity at cascade inlet

V
2 

fluid velocity at cascade exit

F
r minimum flow passage width in blade—to—blade channel

(throat) (Ref. 85)

Base Airfoil Section Profile

A—40 symmetric profile (Ref. 86)

(see Xc/i below)

Base Camber Line Shapes

1145 parabolic used for camber angle .~~ 55 deg. (Ref .  85)

K50 circular arc for all camber angles ~ 55 deg (Ref. 85)

Base Cascade Geome try Limi ts

0.45 parabolic camber line
b 0.50 circular—arc camber line

0.30 A—30
0.40 A—40

x 0.50 A—SO (Ref. 85 gives p ro f i l e  const ruct ion)
0.65 A—65
1.00 A—100

0.0125 to 0.125

LER 0.055 c

TER 0.05 c

~ _-~~~~~~ —.~ —-~~~~~~~~~~~~~~ ~ -~ •~~~~~-5 ---5 - -5—-~~~—~~ •- - 5- - - --——-——-5-- - - -  - -— —~~~ - — -5———  - - —  ~~~~~~~~~~~~~~ - - —— -
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v 2O to ll0 deg

0.7 ~~ 2.5 
range of validi ty suggested

t
in Ref. 86

£ 5 t o 85 deg

Base Aerodynamic Variable Range
1

M
1 

0.30 to 0.92

Generalized curves are given for  pred icting change in

&~ wi th M
1 

in Ref. 86

Re 2 x l0~ to 8 x 10~ based on chord length and inlet

velocity

£2 1.0 to 1.15

Turbulence not reported

Design/Analysis Appl ica tion Examp les

Not available

1Val ues given are ranges repor ted in Rcfs. 84—86.
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Figure C—2 .  US SR Cascade Terminology ( R e f .  85) .
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